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WAVELENGTH DIVISION MULTIPLEXING LIGHT SOURCE APPARATUS 
USING SEMICONDUCTOR OPTICAL AMPLIFIER 

CLAIM OF PRIORITY 

5 This application claims priority to an application entitled "WDM-PASSIVE 

OPTICAL NETWORK CAPABLE OF INTEGRATING BROADCAST AND 
COMMUNICATION," filed in the Korean Intellectual Property Office on March 10, 2003 
and assigned Serial No. 2003-14846, the contents of which are hereby incorporated by 
reference. 

10 B ACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a WDM (Wavelength Division Multiplexing) - PON 
(Passive Optical Network) system, and more particularly to a WDM light source apparatus. 

2. Description of the Related Art 

15 Typically, a WDM-PON system provides subscribers v^ith super high-speed 

broadband communication service using unique wavelengths assigned to each subscriber. 
Using such a configuration, WDM-PON systems can (1) guarantee communication 
confidentiality, (2) accommodate additional commxmication service requests from 
individual subscribers or increased communication capacity, and (3) increase the number of 
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subscribers by further including a unique wavelength to be assigned to a new subscriber. 

However, such WDM-PON systems must use the selected light source of a specified 
wavelength and an additional wavelength stabilizer to stabilize the light source of a 
specified lasing wavelengthat a CO (Central Office) and individual subscriber ends This 
5 resuhs in a high cost of use that is assessed to the subscriber. Because of these financial 
costs, such WDM-PON systems are not commercially available. 

Several conventional light sources for WDM systems are known. These include a 
DFB (Distributed FeedBack) laser array, a MFL (Multi-Frequency Laser), a spectrum- 
sliced light source, and a mode-locked Fabry-Perot laser with incoherent light, etc. as 
10 WDM light sources. 

The DFB laser array and the MFL are manufactured in a comphcated process, and 
are high-priced elements that must select a correct wavelength and stabilize a wavelength 
so as to implement a WDM scheme. 

The mode-locked Fabry-Perot laser with incoherent light performs spectrum-slicing 
15 on a broadband optical signal created from an incoherent light source such as an LED and 
an optical fiber amplifier Ught source, etc. using an optical filter or a WGR (Waveguide 
Grating Router). The spectrum-sliced broadband optical signal is injected into a Fabry- 
Perot laser having no isolator. The resultant mode-locked signal is then adapted to a signal 
transmission mode. If a spectrum-sliced signal of more than a predetermined output level 
20 is applied to the Fabry-Perot laser, the Fabry-Perot laser generates only a wavelength equal 
to that of the received spectrum-sliced signal. 
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The mode-locked Fabry-Perot (FP) laser with incoherent light directly modulates a 
low-priced Fabry-Perot laser signal according to a data signal, and is suitable for high- 
speed long distance transmission. However, in order to allow the Fabry-Perot laser to 
output a mode-locked signal suitable for high-speed long distance transmission, a high- 

5 output incoherent light signal having a wide bandwidth must be applied to the Fabry-Perot 
laser device. This requires that the Fabry-Perot laser use an expensive high-output 
broadband light source. Furthermore, there arises a mode hopping phenomenon arises in 
such lasers. Temperature variations may cause an output signal mode of the mode-locked 
Fabry-Perot (FP) laser is to change to another mode. When this phenomenon happens, data 

1 0 being transferred at a high speed may be lost. 

Another light source is the spectrum-sUced li^t source. Such light sources perform 
spectrum-slicing on a broadband optical signal using a WGR (Waveguide Grating Router). 
This provides users with a large number of WDM channels. Attempts have been made to 
use an LED (Light Emitting Diode), a SLD (SuperLuminescent Diode), a FP (Fabry-Perot) 
15 laser, a fiber amplifier light source, and an ultra-short pulse light source as such a spectrum- 
sliced light source. 

While an LED and an ultra LED proposed as such a spectrum-sliced light source 
have an optical bandwidth and are low-priced elements, these elements have a low 
modulation bandwidth and a low output level. T herefore, they maybe appropriate as a 
20 light source for use with an upstream signal having a modulation rate lower than that of a 
downstream signal. 
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Also, while the Fabry-Perot laser is a low-priced high output element, it has a 
narrow bandwidth, such that it is impossible to provide a large number of wavelength 
division channels. Also when modulating and transmitting a spectrum-sliced signal at a 
high speed, the Fabry-Perot may have performance degradation due to a mode partition 
5 noise. 

It is also noted that while the ultra-short pulse light source adapts a wide spectrum 
bandwidth as a spectrum bandwidth of a light source and has coherent characteristics, it has 
a low stability of a lasing spectrum and a narrow pulse width of several picoseconds (ps). 
This results in practical implementation difficulties. 

10 Yet another possible WDN light source is a spectrum-sliced fiber amplifier light 

source. Such a light source provides a user with a large number of wavelength-division 
high-output channels by performing spectrum-slicing on the ASE light created from the 
optical fiber amplifier. However, this spectrum-sliced light source must use a high-priced 
external modulator such as a LiNbOS to allow individual channels to transmit different data. 

15 In conclusion, there is a need in the art for a cost-effective WDM light source 

apparatus apphcable to WDM-PON systems. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is directed a WDM (Wavelength Division 
Multiplexing) light source apparatus using a semiconductor optical amplifier. 
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Another embodiment of the present invention is directed to a WDM (Wavelength 
Division MuUiplexing) light source apparatus using a SOA (Semiconductor Optical 
Amplifier), including an N SOAs having one end coated with a substance having a high- 
reflection factor and the other end coated with a substance having an antireflection factor, 

5 directly modulating their input signals into optical signals according to a high-speed data 
signal to be transmitted, and amplifying the modulated signal, a IxN 
muhiplexer/demultiplexer having one end composed of N terminals and the other end 
composed of one terminal, which is connected to the N SOAs and the N terminals coupled 
with the N SOAs to multiplex its input signal, and a reflective mirror having a high 

10 reflection factor, connected to one terminal of the other end of the IxN 
multiprexer/dbmultiplex^^^ for reflecting a sifaar ""received- from the IxN 
multiplexer/demultiplexer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 

conjunction with the accompanying drawings, in which: 

Fig. 1 is a block diagram of a WDM light source apparatus using a semiconductor 

optical amplifier in accordance with an embodiment of the present invention; 
20 Figs. 2a~2d depict waveform diagrams illustrating exemplary signals for every step 

in accordance with an embodiment of the present invention; 
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Fig. 3 depicts a waveform diagram illustrating an exemplary broadband signal 
shown in Fig. 2a generated from a semiconductor optical amplifier in accordance with an 
embodiment of the present invention; and 

Fig. 4 is a waveform diagram illustrating exemplary pass band spectrum signals of 
5 individual terminals of a 1x16 Waveguide Grating Router (i.e., an example of a IxN 
multiplexer/demultiplexer) in accordance with an embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will be described in detail 
with reference to the annexed drawings. In the drawings, the same or similar elements are 
10 denoted by the same reference numerals even though they are depicted in different 
drawings. For the purposes of clarity and simplicity, a detailed description of known 
functions and configurations incorporated herein will be omitted when it may obscure the 
subject matter of the present invention. 

Fig. 1 is a block diagram of a WDM light source apparatus using semiconductor 
15 optical amplifiers (SOAs) in accordance with an embodiment of the present invention. 
Referring to Fig. 1, the WDM light source apparatus includes N semiconductor optical 
amplifiers 11, a IxN multiplexer/demultiplexer 14 for creating Gaussian-shaped frequency 
characteristics at its I/O (Input/Output) terminals, and a reflective mirror 15 (R3). 

A reflection factor used to indicate the amount of hght reflected by a mirror. A 
20 reflection factor of 1.5%, for example, implies that 98.5% of the transmitted light is 
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absorbed while 1 .5% is reflected. A value 100 % describes a perfect mirror. Preferably the 
reflective mirror 15 has a high reflection factor in the range of more than 30%. 

A WDM light source apparatus using a semiconductor optical amplifier (SOA) will 
hereinafter be described with reference to Fig. 1 . One end of each SOA 1 1 is coated with a 
5 substance (Rl) 12 having a high reflection factor in the range of more than 30%, the other 
end is coated with a substance (R2) 13 of an antireflection factor in the range of less than 
0.1%. The SOAs 11 each generate a broadband signal shown in Fig. 2a. This broadband 
signal is transmitted to the substance (R2) 13, and is then transmitted to the IxN 
multiplexer/demultiplexer 1 4 having Gaussian-shaped frequency characteristics at its I/O 
10 terminals. 

~ "Mdividual broadband signals received from N tefminals of one end of the IxN" 
multiplexer/demultiplexer 14 are spectrum-sUced as shown in Fig. 2b. They are 
multiplexed as shown in Fig. 2c. They are then output to one terminal of the other end of 
the IxN multiplexer/demultiplexer 14. 
15 Most of multiplexed output signals are reflected from the reflection mirror (R3) 15, 

and are re-transmitted to one terminal of the IxN multiplexer/demultiplexer 14. Some of 
multiplexed output signals may be selected from among all the multiplexed output signals 
to be transmitted to the substance (R3) 15, and are then transmitted to a data transfer link. 

The signals re-transmitted to the IxN multiplexer/demultiplexer 14 are 
20 demultiplexed, are applied to individual terminals of the IxN multiplexer/demultiplexer 14, 
and are apphed to the SOAs 1 1 . 

The signals applied to the SOAs 1 1 are amplified and reflected from the substance 
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(Rl) 12. The reflected signals from the substance (Rl) 12 are output to the substance (R2) 
13, and are applied to corresponding terminals of the IxN muhiplexer/demultiplexer 14. 

Since the signals amplified at or output from individual SOAs 1 1 infinitely repeat 
the above procedures, the multiplexed signals output to the data transfer link after passing 
5 through the substance (R3) 15 become multiplexed signals of high-output optical signals 
each having a very narrow line width, as shown in Fig. 2d. These multiplexed signals are 
very similar to almost single-wavelength optical signals output from the DFB (Distributed 
FeedBack) laser described above. 

The broadband signals created from the SOAs 11 are spectrum-sliced by the IxN 
10 multiplexer/demultiplexer 14 having Gaussian-shaped frequency characteristics at 14's I/O 
terminals, and are sliced't6~be a'spectrmn ha^^^ 

andthen repeatedly travel between the substance (Rl) 12 and the substance (R3) 15, B 
number of times. In this case, if the broadband signals pass through the IxN 
multiplexer/demultiplexer 14, 2B number of times, then the line width of the spectrum- 
15 sliced signal is reduced to be AI-JlB , thereby creating such a signal waveform shown in 
Fig. 2d. 

Accordingly, if the spectrum-sliced signals infinitely run between the substance 
(Rl) 12 and the substance (R3) 15, a signal transmitted from the substance (R3) 15 to the 
data transfer link is changed to a narrow line width signal similar to an almost single- 
20 wavelength signal, thereby performing long distance transmission of high-speed data. 

The SOAs 1 1 directly modulate their input signals according to high-speed data to 
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be transmitted. 

The IxN multiplexer/demultiplexer 14 can be implemented with the WGR. 
Because the IxN multiplexer/demultiplexer 14 generates a multiplexed signal having a 
wavelength bandwidth equal to that of the WGR, it can adjust the wavelength bandwidth by 
5 controUing temperature o f the WGR, thereby controlling a w avelength bandwidth of the 
WDM signal applied to the data transfer link. Therefore, there is no need for each SOA to 
perform a temperature control function and a wavelength selection function. 

Referring again to Figs. 2a-3d, Fig. 2a shows an exemplary bandband signal created 
from the SOA 11. Fig. 2b shows an exemplary spectrum-sUced signal c reated from the 
10 IxN multiplexer/demultiplexer 14. Fig. 2c shows an exemplary spectrum-sUced 
multrplexed sipM cremed~from the 1 xN multiplexer/demultiplexer i'4.-Fig. 2d~ shows- an 
exemplary signal transmitted from the reflective mirror (R3) 15 having a high reflection 
factor to the data transfer link. 

Fig. 3 shows a waveform diagram of an exemplary broadband signal shown in Fig. 
15 2a generated from the SOA 1 1 in accordance with an embodiment of the present invention. 
In Fig. 3, an X-axis indicates a wavelength (nm), and a Y-axis indicates output intensity 
(dBm). A driving current for use in the diagram of Fig. 3 is set to 200mA. 

Fig. 4 is a waveform diagram illustrating exemplary pass band spectrum signals of 
individual terminals of a 1x16 WGR (i.e., an example of the IxN multiplexer/demultiplexer 
20 14) in accordance with an embodiment of the present invention. In Fig. 4, an X-axis 
indicates a wavelength, and a Y-axis is a loss value. 

The WDM light source apparatus according to aspects of the present invention 
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directly modulates an output signal of the SOA into another signal according to a high- 
speed data signal, such that there is no need for a high-priced additional modulator to be 
used. 

Because the WDM light source apparatus outputs a multiplexed signal having a 
5 specific wavelength equal to that of the WGR, it can adjust a wavelength bandwidth by 
controlling the temperature of the WGR, thereby controlling a wavelength bandwidth of the 
WDM signal appUed to the data transfer link. Therefore, there is no need for each SOA to 
perform a temperature control function and a wavelength selection function. 

The WDM light source apparatus includes a laser cavity, both ends of which are 
10 coated with a high-reflection factor substance, which transmits only some output signals 
' asso'ciafed with a"specific wavelength selecfed"by a multiplexef/denmltipte^^ to the data- 
transfer link, controls the remaining output signals other than the above signals to be 
continuously ampUfied at the laser cavity and at the same time repeatedly travel through a 
prescribed internal path, such that the SOA becomes operated at a saturation status and a 
1 5 high-output signal of a very narrow line width is transmitted to the data transfer link. 

In addition, the SOAs according to aspects of the present invention can be 
economically manufactured with a low production cost similar to that of the Fabry-Perot 
lasers. This results in a cost-effective WDM light source apparatus using the SOA. 

As apparent from the above description, if a WDM-PON system is configured m the 
20 form of a WDM light source apparatus using such a SOA, a CO (Central Ofiice) transmits a 
multiplexed signal from the WDM light source apparatus to a local base station (also called 
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a local office), and demultiplexes the multiplexed signal transmitted from the local base 
station to create an electrical signal The local base station demultiplexes the multiplexed 
signal received from the CO, transmits the demultiplexed signal to individual subscriber 
ends, multiplexes signals received from individual subscriber ends, and transmits the 
5 multiplexed signals to the CO. The subscriber ends each convert an output signal of the 
local base station into an electric signal, convert the electric signal to be transmitted into an 
optical signal, and transmit the optical signal to the local base station. 

Although the preferred embodiments of the present invention have been disclosed 
for illustrative purposes, those skilled in the art will appreciate that various modifications, 
10 additions and substitutions are possible, without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 
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